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論 文 内 容 要 旨 
 
Meson photoproduction provides a powerful tool for studying the structure of hadrons in the non-perturbative QCD low 
energy region. Single pion photoproduction has been applied to studying nucleon resonances especially for the ∆-
excitation. A further method may be found in the double pion photoproduction which offers complementary 
information, especially on the resonances that couple weakly to a single pion. Among the three channels of the double 














channel is the preferred one, 
which provides interesting details because Born terms are strongly suppressed and the ρ
0 
meson cannot directly couple 
to 2π
0
. Even studied for many years, the underlying mechanism of the 2π
0 
channel is still not well known. In this work 
we measured the total cross section and the Dalitz plots of this channel up to a great accuracy, which will shed more 
light on the underlying mechanism. 
Double neutral pion photoproduction was measured at the Research Center for Electron Photon Science (ELPH) at 
Tohoku University in the years 2008, 2009 and 2010 just before the Great East-Japan Earthquake. A 4π electro-
magnetic calorimeter complex, named FOREST, was employed to detect neutral mesons decaying into photons as well 
as some charged particles in the final state. 
We obtained the total cross section of the γp→2π
0
p reaction at incident photon energies ranging from 0.5 to 1.2 GeV. In 






) are presented. The m(p,π
0
) distribution 
nicely confirmed that the main contribution to the γp→2π
0
p reaction both in the second and third resonance regions is 





For the first time, we study the space-time properties of the excited nucleon in the non-perturbative QCD region via 
Bose-Einstein correlations (BEC) in two neutral pions emitted in photoproduction off a proton/neutron target both in the 
exclusive and the inclusive cases. The BEC effect was used for the first time in the 1950s to measure the size of 
astronomical object. The principle of this effect is quite simple. For two identical bosons emitted from a source, their 
wave-function should be symmetric with respect to the exchange of two bosons. This symmetrization leads to an 
enhanced probability of emission if the two bosons have similar momenta. The enhancement is related to the space-time 
dimensions of the source. Therefore, the study of the BEC provides an access to learning about the space-time 
properties of the emitter. 
BE correlation is also used as a tool in particle physics to study the space-time properties of hadron reaction region, 
especially for particle collision and heavy-ion collision reactions with large multiplicity at high energies. However, in 
the non-perturbative QCD energy region, BEC analysis has not yet been performed because the observation of the BE 
effects is strongly obscured by many factors such as strict kinematical limits and resonance effects. And there was no 
reliable method previously to address this problem. In this work, we first attempt to observe the BEC effects in the non-
perturbative QCD region and to obtain the information on the spatial extension of the two pions emitting source. 
The 2π
0 
correlations are investigated by studying the spectra of Q, the invariant mass of the two pions relative four-
momentum. The correlation is quantified by a correlation function which is defined as the ratio of the Q distribution of 
real data to that in a reference sample free of BE effects. The correlation function is related to a parameter r0, a measure 
of the size of the pion emitting source, and a parameter λ2, a measure of the strength of the correlation (or chaoticity of 
emission). The reference sample is built by combining 2π
0 
from different events. For this purpose, an event mixing 
technique was developed and proved to be effective. 













X with the developed event mixing method. And we 
present the results of this analysis in this thesis. Within error bars, these three reaction channels exhibit consistent 
results for the dimension parameter r0 and the chaoticity parameter λ2. That the BEC results from the proton and the 
deuteron targets show consistent r0 and λ2 values indicates that an incident photon mainly interacts with one nucleon in 
the deuteron, the size of two π
0 
emitting source for the proton target is the same as that for the neutron target, and the 
degree of being chaotic of the two π
0 
emitted from the proton is also similar to that from the neutron. 
It is found that the r0 and λ2 values seem to be independent of the incident photon energy in the region 1.0 GeV ≤ Eγ ≤ 
1.15 GeV . We also calculate the weighted average values for the r0 and the λ2 over Eγ for all these three channels 
together. It is found to be r0 = 0.91 ± 0.01 (stat.) ± 0.04 (syst.) fm and λ2 = 0.66 ± 0.01 (stat.) ± 0.23 (syst.). This r0 gives 
information about the spatial extension of baryon resonances, because the 2π
0 
emitted in photoproduction are decayed 
from excited baryon states. For the 2π
0
 photoproduction on the nucleon, the proton or the neutron, in the baryon 
resonance region, it is natural to expect that the size of the emitter is comparable to the nucleon size ∼ 1.0 fm. Our study 











結論は明白ではない。これらは、いずれも荷電パイオン の BEC に関するもので、中性パイオン
の BEC については、重心系のエネルギーが 91GeV の高エネルギー電子・陽電子衝突実験のデータしかな
い。 
 本論文は、東北大学電子光理学研究センターの 1GeV 領域エネルギー標識化光子ビームと核子標的（液体











よって 反応を同定している。そして、ダリツ図なども活用して、1GeV 領域の 生成反応で
は 共鳴を経由する過程が支配的であることを示した。この事実を用いて、前人未踏のバリオン共鳴領域に




巧みに用いて、バリオン共鳴 BEC 効果の抽出に世界で初めて成功した。そして、 BEC 効果を応用
すれば、バリオン共鳴を含む相互作用領域の時空構造を調べることができることを示した。このように、本
論文は、クォーク核物理の分野に新しい知見をもたらすものである。また本論文執筆に至る研究活動の実績
は、何慶華が自立して研究活動を行うに十分な高度の研究能力と学識を有することを示している。よって、
何慶華提出の論文は、博士（理学）の学位論文として合格と認める。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
